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Introduction
Lauraceae (50 genera and 2500 species sensu Mabberley 1997) is a monophyletic family dating back at least to the mid-Cretaceous (Rohwer, 1993 (Rohwer, & 2000 . Yet, the relationships between its genera and species are still poorly understood mainly because many of its taxa are either still unknown (with new ones still discovered and identified from tropical and uninhabited regions worldwide), or are high forest trees with inconspicuous flowers difficult to locate and to collect; thus offering scanty material for research Richter, 1996 and Rohwer, 2000) . Van der Werff (1991) showed that artificial generic and specific boundaries are common in the family due to convergent evolution, thus making generic delimitation problematic.
Apollonias (Tribe Perseeae sensu Rohwer, 1993) was named by Nees (1833) who then described in 1836 two species, viz. A. arnottii from India (known only from the Type) and A. canariensis from Macaronesia; later amended to A. barbujana (Cav.) Bornm; (Bornmuller, 1903) . However, Rohwer (1993 Rohwer ( & 2000 has questioned the actual existence of the Indian species Apollonias arnottii Nees, he believed that Apollonias can be considered as a monotypic genus.
Materials and Methods
In the present work, macromorphological and floral aspects of Apollonias barbujana are investigated, while SEM and / or light microscopy of cuticular features were surveyed and compared with the same features in 19 available taxa of the Lauraceae. (Five of these taxa were introduced to Egypt in the late nineteenth century, information of the other 14 taxa were compiled from Christophel et al., (1996a) ; Christophel & Rowett,(1996b) ; Li & Christophel,(2000) and Loutfy, (2000) .
The studied taxa, along with the compiled ones belong to 12 genera and two tribes, viz. Laureae and Perseeae sensu Rohwer, (1993) ; and / or the three tribes of the family, viz. Laureae, Perseeae and Cryptocaryeae sensu Van der Werff & Richter, (1996) . Care has been taken to select taxa covering a global geographical range in both the Old and the New World.
In addition, a preliminary LM investigation of the fruit cuticle of Apollonias barbujana was made and then compared with the available fruit cuticles of certain taxa in the Lauraceae collected from Egypt (one species of Laurus, two species of Cinnamomum and two subspecies of Persea americana).
For creating a data matrix for numerical analysis of the results, the recorded characters as well as the compiled ones were analyzed by the NTsys-pc. program package, using the UPGMA clustering method. The dendrogram produced was discussed in the light of the current systems of classification of the Lauraceae (Kostermans, 1957; Richter, 1981; Rohwer, 1993; Richter, 1996 and Rohwer, 2000) .
The examined species, their sources or origin, in addition to the compiled data of other taxa and their sources are listed in Table ( 1) . Voucher specimens of the examined species are kept at the Department of Biological Sciences. Faculty of Education, Ain Shams University. Macromorphological aspects were studied from fresh and / or herbarium specimens, as well as from relevant literature (Baillon, 1872; Kostermans, 1957; Bailey & Bailey, 1976; Rohwer, 1993 . For the study of leaf surface using the SEM, three leaves for each species were dehydrated, then mounted in colloidal silver on copper stubs and coated with a thin layer of gold in Polaron E 5000. The leaf epidermis was then photographed by a Jeol -Scanning Electron Microscope at the Central Lab of Faculty of Science, Alexandria University. Fruit epidermal cells were examined in epidermal peels stained with either 1% aquous safranin and photographed using a Carl-Zeiss Photomicroscope ш.
For the data analysis, the total number of the recorded characters in each taxon were scored, combined together in three sets of data and coded for creating the data matrix for computation. The relationships between the studied taxa, expressed by average taxonomic distance (dissimilarity), was demonstrated as phenograms, based on the analysis of the recorded characters using the NT-sys program package for IBM -pc. as described by Rohlf (1993) . 
Results
Apollonias barbujana (Cav.) Bornm. (Fig. 1) is a slow growing evergreen tree up to 25 m, with a dense rounded crown. 
Macromorphological diagnostic characters (Table 2 a)
Twigs glabrous. Leaves alternate, peninerved, very stiff, 5-15 x 2.5 cms., elliptic with an acute to obtuse apex. Margins revolute or entire, dark glossy green, glabrous; petioles. 5-1.3 cms., glabrous, cuneiform in cross-section (Kamel & Loutfy, in press ). Inflorescences thyrsopaniculate. Peduncles up to 3 cm. glabrous. Flowers trimerous, bisexual. Tepals sub-equal (outer whorl smaller). 3 -4.5 mm., oblong, ovate, acute to obtuse, greenish white. Fertile stamens 9, the third whorl ± extrose. Anthers 2-locular; staminodes of whorl 4 conspicuous, sagitate stiptate, receptacle very small and flat; fruit, a berry 1.5 -2 cms. ellipsoid, clasped at the base by the persistent perianth segments, dull green, turning black when ripe. Seed ellipsoid, 0.5 x 0.5 x 1 cms. with a thin testa and two large cotyledons (Rohwer, 1993b and . 1,2,7,11,12,13,14,15,16,18,19,20. 5,6,8,10,17. 3,4, 1, 2, 5, 6, 7, 8, 9, 10, 18, 19, 20. 12, 13, 14, 15, 16, 17. 3, 4, 11. 12, 13, 14, 15, 16, 17. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 18, 19, 20 Flower 1.Bisexual. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 18, 19. 2.Unisexual by abortion. 12, 13, 14, 15, 16, 17, 20 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 18, 19, 20 . inner whorls in b.2. Basically entrose. 12, 13, 14, 15, 16, 17 . taxa with more than 9 fertile stamens) c.Anther locules c.1.Two locular. 1, 2, 10, 11, 12, 13, 14. c.2 Four.locular. 3, 4, 5, 6, 7, 8, 9, 15, 16 17, 20. c.3 2,3,4,11,18,19. 1. 5,6,7,8,9,12,13,14,15,16,17,20. 10.
SEM and / or light Microscopy of leaf and fruit cuticle of Apollonias barbujana

Leaf cuticle
Upper epidermis
Epidermal cells from a reticulate pattern, devoid of any stomata. Cells angular to rounded. Anticlinal walls thick, raised, slightly undulate to straight and striated. Periclinal walls slightly concave and granular. Tertiary sculpture on the epidermal cells appears as dense epicuticular waxes, covering the whole surface particularly on the anticlinal walls and observed as clusters of hollow tubules (Fig.2 Table 2b ).
Lower epidermis
Epidermal cells from an irregularly reticulate pattern, Anticlinal walls undulate, thick and raised, with a slightly buttressed thickening pattern. Periclinal walls appear granular to papillose. Stomata paracytic (Rubiaceous), subsidiary cells take the characteristic shape of the guard cells observed in other families, while the true guard cells are not obvious and sunken (a synapomorphy that unites the Lauraceae worldwide, Hill, 1986 and Rowett, 1996 b) , cuticular ledges are butterfly shaped (Kamel & Loutfy, in Press) . Epicuticular waxes are seen as clusters of short hollow tubules, intermingled with entire platelets (Fig.2 d-f , Table 2b ).
Fruit cuticle
Epidermal cells are highly sinuate. Anticlinal walls extremely thick and sinuate. Periclinal walls flat and smooth ( Fig.3 a&b , Table 2c ).
Macromorphological and floral aspects of the examined taxa
As to the macromorphological and floral aspects of the compaired taxa; only the attributes that are / or were considered to be of taxonomic significance by different authors are summerized and compared in Table 2a .
Leaf cuticular features of the studied and the compiled taxa
Cuticular futures are sumerized in Table 2 b, the taxa are numbered 1-20 as presented in Table (1) . Terminology is taken after (Wilkinson, 1979; Barthlott, 1981 Barthlott, & 1990 Stearn 1992; Rowett, 1996b and Barthlott et al 1998) . :-10. 2,5,6,11. 1,3,4,8,15,16,18,19,20. 7,9,12,13. 14,17. 2,5,6,11,18,19. 1,3,4,8,15,16,20. 7,9,12,13,14,17. 1,12, 13. 10,15,16,17 . the rest of the studied taxa. 1,3,4,5,6,7,10,11,14,18,19. 8. 2,9,12,13. 15,16,17,20. 1,12,13 . the rest of the studied taxa. 1,12,13,14,18,19. 10 . the rest of the studied taxa 7,12,13. 3,4,15,16,17. 6, 8,18, 20; 1,5,6,9,10. 19 7,9,12,13,14. 4 . Undulate to sinuous.
2,8,17. Thickness 1, 2, 9, 10, 12, 13; 1, 2, 9, 10, 12, 13 3, 4, 10, 12, 13, 14, 16, 17. 2.Smooth. 1, 2, 5, 6, 7, 8, 9, 11, 15, 18, 19, 20 c.Periclinal walls Level :-1.Flat to slightly convex. 10.
2.Slightly concave:
the rest of the studied taxa. Texture:-1.Granular to papillose. 1, 3, 4, 5, 6, 7, 8, 9, 18, 19. 2.Finely striated. 10, 12, 13, 14, 15, 16, 17. 3 1, 7, 9, 10, 17. 2.Narrow. 2, 5, 6, 11, 12, 13, 14, 16, 18, 19. 
Discussion
Several suprageneric classifications of the Lauraceae were proposed (Nees, 1836; Meissner, 1864; Bentham, 1880; Mez, 1889; Pax, 1891; Kostermans, 1957; Hutchinson, 1964; Richter, 1981; Rohwer, 1993 and Richter, 1996) yet the results of the different studies have been very different depending on the author's opinion and on the reliability of the used characters (Rohwer, 2000) .
In most suprageneric classifications of the Lauraceae, Apollonias was placed in a group more or less corresponding to the Perseeae (sensu Kostermans, 1957 and Rohwer, 1993) . This was mainly due to its possessing a paniculate ex-involucrate inflorescence. However, Richter (1981) utilizing data from wood and bark anatomy; reported that Apollonias possessed certain links with some genera of the Laureae particularly Laurus L., Lindera Thunb., and Neolitsea Merr. on one hand, and certain genera of the Perseeae on the other hand. Moreover, he placed Apollonias diagramatically as standing the same distance apart from the two groups. In the present study, a survey of the general macromorphological and floral aspects in 20 taxa of the Lauraceae representing both the Laureae and Perseeae, did not locate any synapomorphic characters that may link Apollonias to any of the studied Laureae (Laurus, Lindera, Litsea and Neolitsea). The few common characters as the penninerved venation of leaves, the two locular anthers and the flat receptacle were also represented in the Perseeae (van der Werff & Richter, 1996) . However, Apollonias possessed some characters of its own, as the fruit that is clasped at its base by the persistent perianth segments resembling a pseudo cupule (Table 2 a). The same feature was also reported to be present in the related Phoebe (Rohwer, 1993) . As to the cuticular aspects of the leaf and fruit, Apollonias was shown to possess certain unique features that differentiated it from the other studied taxa, among these is the presence of dense clusters of hollow tubular epicuticular waxes on both surfaces of the leaf (Fig.2 a, b,d,e& Table 2 b) and its fruit possessing extremely thick and highly sinuate anticlinal walls ( Fig.3&  Table 2c ). Unfortunately, no material (either original or compiled was available from Alseodaphne, Dehaasia, Phoebe and Nothaphoebe which were reported by several authors to be very close to Apollonias (Bentham, 1880 and Kostermans, 1957 , 1973 . The study also revealed that Apollonias shares exclusively some features with members of the Laureae (Laurus species) as the highly raised, thick and striated anticlinal walls of the upper epidermal cells of the leaf, (Table 2 b ).
The phenogram constructed according to the combination of 26 macromorphological and floral aspects that are /or were considered to be of taxonomic significance in the different suprageneric classifications of the family; clearly grouped Apollonias (as was expected) with members of the Perseeae, with close affinities with Beilschmiedia (2) & Persea (18, 19) Fig.4a . This result agreed to some extent with Kostermans's, who showed that Apollonias was closely related to Persea through Phoebe and that Persea in turn was related to Beilschmiedia. Yet Cryptocarya (10) and Endiandra (11) occupied a somewhat isolated position, the former split from the rest of the studied taxa at a dissimilarity level of 1.9 mainly due to its possessing only three fertile stamens, while the latter split at 1.73 mainly due to its possessing a deeply urceolate receptacle and a fruit completely enclosed in the accrescent receptacular tube (Table 2 a).
The phenogram constructed according to the combination of 88 characters of leaf cuticular features showed that Cryptocarya (10) occupied an isolated position as it split off early from the rest of the studied taxa at the dissimilarity level of 1.8. Apollonias splitted from the remaining taxa at 1.59 (Fig. 4b) .
However, the phenogram constructed according to the combination of 114 characters from both leaf cuticles and macromorphology again showed the isolation of Cryptocarya and the spliting of Apollonias from the remaining taxa at the dissimilarity level of 1.57 (Fig. 4c ). Rohwer (1993) suggested that Apollonias should be included in Phoebe, as the two genera differed only in the number of anther locules (two in Apollonias and four in Phoebe), but again no cuticular material was available from Phoebe to make a comparison. The same author also stated in (2000) that Apollonias is closly related to Persea according to evidence from mat K. sequences. A similar result was reached at by Kamel & Loutfy (in Press) by utilizing data from SDS-PAGE of seed protein profiles in both taxa. Figure (4a) . UPGMA -phenogram illustrating the relationships between the studied taxa based on the coding of 26 attributes from macromorphology. (Taxa are numbered as in Table ( 1). Figure (4b) . UPGMA -phenogram illustrating the relationships between the studied taxa based on the coding of 88 attributes obtained from leaf cuticular features. (Taxa are numbered as in Table ( 1). Figure (4c) . UPGMA -phenogram illustrating the relationships between the studied taxa based on the coding of 114 attributes from macromorphology and leaf cuticular features. (Taxa are numbered as in Table (1) .
The present study showed that Apollonias barbujana (cav.)Bornm., a Macaronesian relict, seems to occupy a relatively isolated position, with affinities with both the Laureae and the Perseeae as stated earlier by Richter (1981) . However, this notion comes only from structural evidence (Wood and bark anatomy by Richter 1981 and cuticular features in the present study); for a close relationship of Apollonias with Persea was achieved when utilizing different sets of data as mat K sequences and / or SDS-PAGE of seed protein profiles (Rohwer, 2000 and Kamel & Loutfy in Press) . However, the overlap and generally uniform distribution of cuticular features among the studied taxa of the Laureae and Perseeae (sensu Rohwer, 1993 ) or the Cryptocaryeae, Laureae and Perseeae sensu Van der Werff & Richter, (1996) suggest that the current suprageneric classifications of the Lauraceae might need a future revision, a fact that was realized by Rohwer (2000) who stated that the separation of tribes in the Lauraceae by the type of inflorescence (involucrate in the Laureae, non-involucrate in the Perseeae) was not supported by molecular evidence. Moreover large genera in the Perseeae as Cinnamomum Schaeff sensu lato (350 species , Mabberley, 1997) were shown in the present study to be distributed among three groups (Fig. 3b&c) . The most remarkable, were that in two of these groups, genera of the Laureae as Lindera, Neolitsea and Litsea were included. This may give extra support to the paraphyly of Cinnamomum as suggested by Christophel et al., (1996a) and the strictly monophyletic nature of the Lauraceae (Renner, 1999) .
A thorough revision of the family at the generic and tribal level is needed (Rohwer, 2000) . It is worth mentioning that Cinnamomum Burm (s.str) was considered by Baillon (1872) and several authors to be very near to Apollonias as regarding its floral structure. The phytochemical data give extra evidence for the isolated and relict nature of Apollonias, a specific irregular phenyl propanoid 2-(3-methoxy-4-hydroxyphenyl)-1,3propanediol, in addition to another two other specific lignans were isolated from the leaves of A. barbujana (Perez et al., 1995 a&b) . As to the macromorphological vegetative characters, Apollonias barbujana often showed a striking superficial resemblance to Laurus species (Fig.1) and is distinguished only by the absence in the former taxon of gland-like depressions on the midrib of the lower leaf surface. Herbarium specimens of both taxa are/ or were often confused (Ferguson, 1974) . This phenomenon (mimicry) is a widely distributed angiosperm character that has been generally underestimated by taxonomists, but might be of some value (Good, 1962) . Moreover, Apollonias leaves are frequently marked with wart-like protuberances (domatia) caused by the mite Eriophytes barbujanae Carmona, which is specific to this tree .
Finally, the exclusive use of cuticle characters within the Lauraceae has achieved a considerable degree of success on material from different localities: Ow et al., (1992) on Taiwan species; Christophel et al., (1996a) mainly on Australian and some south American species; Christophel & Rowett, (1996b) ; Li & Christophel (2000) on Australian species and Loutfy (2000) on Laurus species from the Mediterranean region and Macaronesia).
The present study, using cuticular aspects, shows that cuticular features can be a promising criterion in the delimitation of genera and species within the family Lauraceae s.l..
